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b = 13.067 (3) A 
c = 28.084 (5) A 
V = 2818.1 (9) A 3 
Z = 4 

Data collection 

Bruker SMART CCD 

diffractometer 
14876 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )] = 0.062 

wR(F 2 ) = 0.128 

5 = 1.06 

5250 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
fi = 0.07 mm -1 
T = 298 K 

0.20 x 0.20 x 0.16 mm 



5250 independent reflections 
3460 reflections with / > 2o(I) 
R,„. = 0.048 



318 parameters 

H-atom parameters constrained 
A/w = 0.15 e A~ 3 
A/> mi „ = -0.20 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


04-H4A- ■ OV 


0.82 


2.09 


2.905 (3) 


172 


03-H3-02 


0.82 


1.95 


2.677 (3) 


147 


01-H1-03 


0.82 


2.14 


2.948 (3) 


170 



Symmetry code: (i) x 4- 5, —y — \, —z. 



In the title molecule, C30H52O4, the three six-membered rings 
are in chair conformations, the cyclopentane ring is in an 
envelope form and the tetrahydrofuran ring has a conforma- 
tion intermediate between half-chair and sofa. In the crystal, 
molecules are linked by intermolecular O— H- ■ O hydrogen 
bonds into helical chains along [100]. Two intramolecular O — 
H- ■ O hydrogen bonds are also present. One C atom of the 
tetrahydrofuran ring and its attached H atoms are equally 
disordered over two sets of sites. 

Related literature 

For the medicinal properties of Panax ginseng and Panax 
quinque folium, see: Shibata et al. (1985); Takano et al. (1999); 
Yu et al. (2007); Wang et al. (2010). For related structures, see: 
Guo et al. (2011); Iljin et al. (1982); Meng et al. (2010). 



Data collection: SMART (Bruker, 1997); cell refinement: SAINT 
(Bruker, 1997); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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Experimental 

Crystal data 

C30H52O4 
M r = 476.72 



Orthorhombic, P2{l{l x 
a = 7.6795 (14) A 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5260). 
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Acta Cryst. (2011). E67, o2112 [ doi:10.1107/S1600536811028418 ] 
(3^,12 J R,205',24 J K)-20,24-Epoxydammarane-3,12,25-triol 
W.-J. Li, H.-M. Guo, C.-M. Ji, Y. Bi and Q.-G. Meng 

Comment 

Both Panax ginseng and Panax quinquefolium, belonging to the Araliaceae, are well known traditional medicinal herbs. They 
are used as tonics and the treatment for diseases, such as tumor and myocardial ischemia. Panax ginseng contains numbers 
of ginsenoside, including an oleanolic acid-type saponin in addition to the major protopanaxadiol and protopanaxatriol-type 
saponins (Shibata et ah, 1985). Panax quinquefolium contains an ocotillol-type (205, 24/?-epoxyside) saponin with high 
anti -tumor activity (Takano et ah, 1999), as well as an oleanolic acid-type saponin, protopanaxadiol and protopanaxatriol- 
type saponins. (3S,6S,12£,20S,24£)-20,24-epoxy-dammarane-3,6,12,25-tetraol and (35,12i?,205 , ,247?)-20,24-epoxy-dam- 
marane-3,12,25-triol are found to possess cardioprotective effect on myocardial injury induced by isoproterenol in rats (Yu 
et ah, 2007; Wang et ah, 2010). As part of our ongoing investigation of ocotillol-type compounds and their cardioprotective 
effect on myocardial injury, we report herein the crystal structure of the title compound, (I). 

In the molecule (Fig. 1), all bond lengths and angles are within normal ranges (Guo et ah, 201 1; Iljine? ah, 1982; Meng et 
al, 2010) Rings A(C10/C11/C15-C18), B(C15/C16/C20-C23), and C(C22/C23/C25-C28) are in chair conformations. Ring 
D(C9-C13) has an envelope form with Cll as the flap. The tetrahydrofuran ring has a conformation intermediate between 
the half-chair and envelope forms. In the crystal, molecules are linked by intermolecular O — H-0 hydrogen bonds into 
helical chains along [100]. Two intramolecular O — H - 0 hydrogen bonds are also present. 

Experimental 

20(S)-protopanaxadiol was degraded from Panax quinquefolium saponin with sodium methylate in DMSO at about 463- 
473K and seperated by silica colum chromatography. (3S,127?,20S,247?)-20,24-epoxy-dammarane-3,12,25-triol was syn- 
thesized from 20(S)-protopanaxadiol in the presence of AyV-dimethylaminopyridine, pyridine and acetic anhydride. The 
intermediate esters were oxidized by hydrogen dioxide 30% solution in methanoic acid, and the title compound was prepared 
by saponification with sodium hydroxide in methanol and seperated by silica colum chromatography. Finally, the crystals 
were dried at room temperature the title compound was crystallized from ethyl acetate and petroleum ether. Single crystals 
of compound (I) suitable for X-ray measurements were obtained by recrystallization from ethyl acetate and petroleum ether 
at room temperature. 

Refinement 

All H atoms were fixed geometrically and allowed to ride on their attached atoms, with C — H distances in the range 0.93-0.98 
A, and with £/j S0 (H) = 1.2(7 e q(C) or C/i S0 (H) = 1.5f/ e q(C me thyi)- The absolute configuration is based on unchanging stereo- 
chemical centers in the synthesis. 
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Figures 




Fig. 1. The molecular structure of the title compound. Displacement ellipsoids are drawn at 
the 30% probability level. 



(3S,1 2/?,20S,24/?)-20,24-Epoxydammarane-3,1 2,25-triol 



Crystal data 
C30H52O4 
M,- = 476.72 
Orthorhombic, P2\2\2\ 
Hall symbol: P 2ac 2ab 
a = 7.6795 (14) A 
b= 13.067 (3) A 
c = 28.084 (5) A 

V= 2818.1 (9) A 3 
Z=4 



^(000) = 1056 

D x = 1.124 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2282 reflections 

6 = 2.7-20.8° 

|i = 0.07 mnT 1 

T=298K 

Block, colourless 

0.20 x 0.20 x 0.16 mm 



Data collection 

Bruker SMART CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

cp and co scans 

14876 measured reflections 

5250 independent reflections 



3460 reflections with / > 2a(I) 
R int = 0.048 



h = -8^9 
£ = -15^13 
/ = -34-^34 



1.7° 



Refinement 

2 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )} = 0.062 
wR(F 2 ) = 0.128 
S= 1.06 

5250 reflections 
3 1 8 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 (F 0 2 ) + (0.05 37P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.15eA~ 3 

Ap m in = -0.20 e A~ 3 
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Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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C6 


1.0160 (4) 


0.0894 (3) 


0.21188 (11) 
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Atomic displacement parameters (A 2 ) 
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-0.0082 (lo) 


/~i 1 A 

CIO 


A AT *7T / 1 C"\ 

0.0372 (15) 


A A/Ill / 1 '7\ 

0.0433 (17) 


A A /l CA / 1 C\ 

0.0450 (15) 


A AA /IT { ~\ A\ 

0.0043 (14) 


A AA*7A /I 1\ 

-0.0079 (13) 


A AAT A f~\C\ 

0.0029 (15) 


CI 1 


A AT CO / 1 C\ 

0.0358 (15) 


A AT /CA /1 

0.0369 (16) 


A AC A"7 / 1 /Z\ 

0.0507 (16) 


A A A IO /1 A \ 

0.0018 (14) 


A AA 11 / 1 ^ \ 

0.00 1 2 (14) 


A AAT 1 /"i A\ 

0.0071 (14) 


C12 


A A /I *7C / 1 CA 

0.04 /5 (18) 


A A /I OA / 1 n\ 

0.0480 (19) 


A C\C 1 /I / 1 0\ 

0.0614 (18) 


A AA O A / I C\ 

-0.0089 (15) 


A AA A 1 / 1 /I\ 

0.0041 (lo) 


A AAZZA / 1 ZZ\ 

-0.0069 (16) 


C13 


A A/C 1 /'T^ 

O.Ool (2) 


A AC 1 /T\ 

0.051 (2) 


A A*7 0 /lA 

0.0 /8 (2) 


A A A /I 1 /I 0\ 

-0.0041 (18) 


A AA 1 T / 1 A\ 

-0.0013 (19) 


A A 1 T *7 / 1 

-0.0137 (19) 


C14 


a r\ /" t /t \ 

0.062 (2) 


A A A C "7 /1A\ 

0.0457 (19) 


A f\1 C /T\ 

0.075 (2) 


A AAO"7 / 1 T\ 

0.0087 (17) 


A AAT A ( 1 0\ 

0.0024 (18) 


A A1 AA ( 1 0\ 

0.0109 (18) 


C15 


flfliy / 1 /1\ 

0.0314 (14) 


A AT A 1 /1 £\ 

0.0343 (16) 


0.0423 (14) 


A AAT T /n\ 

-0.0033 (13) 


A AAAC /1 T\ 

-0.0005 (12) 


A A A O 1 /1 /I ~\ 

0.0082 (14) 


C16 


A AT "7*7 / 1 ZZ\ 

0.03 / / (lo) 


A AT "7*7 / 1 

0.0377 (16) 


a A/i 1 0 / 1 /1^ 
0.0412 (14) 


A AAT 1 /1 T\ 

0.0032 (13) 


A AATA /I 1\ 

-0.0020 (13) 


A A1AT /1 A \ 

0.0103 (14) 


C17 


0.0356 (16) 


A A/C 1 /T\ 

0.061 (2) 


A A /I /C O / 1 

0.0468 (16) 


A A A O A /I C\ 

-0.0084 (15) 


A AA C*7 / 1 A \ 

-0.0057 (14) 


A A A A A ( 1 C\ 

0.0044 (16) 


C18 


0.0306 (15) 


A A/C /I /T~\ 

0.064 (2) 


0.0442 (15) 


A A A 11 /I C\ 

0.0011 (15) 


A A A 11 / 1 A \ 

-0.0011 (14) 


a aa/c c /1 /;^ 

0.0065 (16) 


C19 


0.0383 (15) 


0.0446 (17) 


0.0478 (15) 


0.0022 (14) 


-0.0060 (14) 


-0.0002 (14) 


C20 


0.0465 (18) 


0.0463 (19) 


0.0612(18) 


-0.0102 (15) 


0.0022 (16) 


0.0030 (17) 


C21 


0.0440(17) 


0.0532 (19) 


0.0523 (17) 


-0.0088 (16) 


0.0101 (15) 


0.0035 (17) 


C22 


0.0527 (18) 


0.0391 (17) 


0.0439 (15) 


-0.0001 (14) 


0.0001 (15) 


0.0078 (14) 


C23 


0.0394 (15) 


0.0405 (17) 


0.0382 (14) 


-0.0008 (14) 


-0.0027 (13) 


0.0064 (14) 


C24 


0.0552 (18) 


0.0429(18) 


0.0406 (15) 


-0.0081 (16) 


-0.0002 (14) 


0.0038 (14) 


C25 


0.0486 (18) 


0.061 (2) 


0.0509 (17) 


-0.0009 (16) 


-0.0091 (15) 


0.0038 (17) 


C26 


0.063 (2) 


0.073 (2) 


0.0494(17) 


-0.003 (2) 


-0.0159 (18) 


-0.0017(18) 


C27 


0.088 (3) 


0.054 (2) 


0.0396 (16) 


0.0147(19) 


-0.0100 (18) 


0.0059 (16) 


C28 


0.064 (2) 


0.0480 (19) 


0.0426 (16) 


0.0005 (17) 


0.0096 (16) 


0.0080 (15) 


C29 


0.068 (2) 


0.068 (2) 


0.0530 (18) 


0.0092 (18) 


0.0011 (17) 


-0.0062 (18) 


C30 


0.118(3) 


0.081 (3) 


0.056 (2) 


-0.016(3) 


0.032 (2) 


0.006 (2) 


Ol 


0.0909 (17) 


0.0602 (15) 


0.0584 (13) 


-0.0018 (13) 


0.0175 (14) 


-0.0123 (12) 


02 


0.0416(11) 


0.0558 (13) 


0.0489(11) 


0.0111 (10) 


-0.0024 (10) 


0.0000 (11) 


03 


0.0363 (11) 


0.106 (2) 


0.0525 (12) 


-0.0134(13) 


0.0044 (10) 


-0.0117(13) 


04 


0.118(2) 


0.0746(17) 


0.0383 (11) 


0.0122(17) 


-0.0075 (13) 


-0.0009 (12) 
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Geometric parameters (A, °) 




CI— C3 


1.508 (4) 


CI— HIA 


0.9600 


CI— H1B 


0.9600 


CI— H1C 


0.9600 


C2— C3 


1.521 (4) 


C2— H2A 


0.9600 


C2— H2B 


0.9600 


C2— H2C 


0.9600 


C3— Ol 


1.421 (3) 


C3— C4 


1.519(4) 


C4— 02 


1.430 (3) 


C4— C5 


1.521 (5) 


C4— H4 


0.9800 


C5— C6 


1.491 (5) 


C5— H5A 


0.9700 


C5— H5B 


0.9700 


C6— C7 


1.529 (4) 


C6— H6A 


0.9700 


C6— H6B 


0.9700 


C7— 02 


1.454 (3) 


C7— C9 


1.530 (4) 


C7— C8 


1.533 (4) 


C8— H8A 


0.9600 


C8— H8B 


0.9600 


C8— H8C 


0.9600 


C9— CIO 


1.547 (4) 


C9— C13 


1.571 (4) 


C9— H9 


0.9800 


CIO— C18 


1.522 (3) 


CIO— Cll 


1.547 (4) 


CIO— H10 


0.9800 


Cll— C12 


1.526 (4) 


Cll— C14 


1.549 (4) 


Cll— C15 


1.570 (4) 


C12— C13 


1.533 (4) 


C12— H12A 


0.9700 


C12— H12B 


0.9700 


C13— H13A 


0.9700 


C13— H13B 


0.9700 


C14— H14A 


0.9600 


CI 4— H14B 


0.9600 


CI 4— H14C 


0.9600 


CI 5— C20 


1.525 (3) 


C15— C19 


1.545 (3) 


C15— C16 


1.562 (3) 


C3— CI— HIA 


109.5 
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C16 — C17 


1.545 (3) 


C16 — C23 


1.566 (4) 


C16 — H16 


0.9800 


C17 — C18 


1.525 (4) 


C17 — H17A 


0.9700 


C17 — H17B 


0.9700 


CI 8— 03 


1.425 (3) 


C18 — H18 


0.9800 


C19 — H19A 


0.9600 


C19 — H19B 


0.9600 


C19 — H19C 


0.9600 


C20 — C21 


1.516 (4) 


C20 — H20A 


0.9700 


C20 — H20B 


0.9700 


C21 — C22 


1.531 (4) 


C21 — H21A 


0.9700 


C21 — H21B 


0.9700 


C22 — C23 


1.556 (3) 


C22 — C28 


1.559 (4) 


C22 — H22 


0.9800 


C23 — C25 


1 .534 (4) 


C23 — C24 


1 .542 (4) 


C24 — H24A 


0.9600 


C24— H24B 


0.9600 


C24 — H24C 


0.9600 


C25 — C26 


1.518 (4) 


C25 — H25A 


0.9700 


C25 — H25B 


0.9700 


C26 — C27 


1.517 (4) 


C26 — H26A 


0.9700 


C26 — H26B 


0.9700 


C27 — 04 


1 .420 (3) 


C27 — C28 


1 .533 (4) 


C27 — H27 


0.9800 


C28 — C29 


1 .536 (4) 


C28 — C30 


1 .539 (4) 


C29— H29A 


0.9600 


C29— H29B 


0.9600 


C29— H29C 


0.9600 


C30— H30A 


0.9600 


C30— H30B 


0.9600 


C30— H30C 


0.9600 


Ol— HI 


0.8200 


03— H3 


0.8200 


04— H4A 


0.8200 


CI 5— CI 6— C23 


116.6 (2) 



supplementary materials 



f~*l r~" 1 hid 
C 3 — C 1 — H 1 B 


1 nn £ 

luy.D 


XJ1 A f~* i hid 
H1A — CI — H1B 


1 nn £ 

luy.D 


C3 — CI — HlC 


1 An c 

luy.D 


tt i a /^i uir 
H1A — CI — HlC 


1 nn £ 

luy.D 


U1D 1 uir 

H1B — CI — HlC 


1 An £ 

luy.D 


f^"t LIl A 

C3 — C2 — H2A 


1 An £ 

luy.D 


C3 C2 — H2B 


1 nn £ 

luy.D 


a r^o mi) 
H2A — CZ — H2B 


1 AO ^ 

luy.D 


r^i r^T I r~i/ ■ 
C3 — C2 — H2C 


1 nn £ 

luy.D 


H2A — C2 — H2C 


1 An £ 

luy.D 


tjid r^T in/' 
H2B — C2 — H2C 


1 nn £ 

luy.D 


Ul — C3 — CI 


1 1 A 1 f1\ 

1 1U.2 (3) 


/~n /^i /^/t 
Ul — Co — C4 


1 1 A A 

1 1U.4 (2) 


/^i /^i /"^/i 
CI — C3 — C4 


11U.0 (3) 


ai r^T 

Ul — C3 — C2 


in: i /">\ 
1UD.1 (I) 


r^i r^i r^T 
CI — C3 — C2 


1 1 a n n\ 
11U. / (3) 


f^A r^i r^i 
C4 — C3 — C2 


1 AA "7 

luy. / (2) 


U2 — C4 — C3 


1 1 A H 
11U. / (2) 


m /~m 

U2 — C4 — CD 


1 AI 1 

1U3.3 (3 ) 


C3 — C4 — CD 


1 1 r a n\ 

11D.4 (3) 


U2 — C4 — H4 


1 An 1 

iuy.1 


C3 — C4 H4 


1 nn 1 

iuy.1 


r^c A U A 

CD — C4 H4 


1 nn 1 

iuy.1 


Co — CD — C4 


1UO.U (3) 


r^c f^z u£ a 
Co — CD — HDA 


lift f 

11U.D 


f^A r^c UC A 

C4 — CD — HDA 


1 1 A C 

11U.D 


Co — CD — HDB 


1 1 A C 

1 1U.D 


f^A f^z i icn 
C4 — CD — HDB 


1 1 A C 

1 1U.D 


HDA — CD — HDB 


1 AO "7 

lUo. / 


r^c f^c f^n 
CD — Co — C / 


lUo.l (3) 


r^c r^/: u/; a 
CD — Co — HoA 


11A f 

1 1U.D 


f^n f^c u/: a 
C / — Co — HoA 


1 1 A C 

11U.D 


CD — Co — HoB 


1 1 A c 

11U.D 


C / — Co — HoB 


1 1 A C 

11U.D 


HoA — Co — HoB 


1 AO "7 

lUo. / 


r^"7 

U2 — C / — CO 


1 A/1 1 

1U4.3 (I) 


r\^t f^n r^n 

U2 — c / — cy 


1 AO O 

lUo.o (2) 


r^/; r^"7 r^n 

Co — c / — cy 


114.4 (3) 


r\^t f^n r^o 
U2 C / — Co 


1 A"7 A 

1U /.U (2) 


f^c f^n r^o 
Co — C / — Co 


111 A |"1\ 

111.0 (3) 


r^n f^n r^o 

cy — c / — Co 


1 1 A 1 

11U.3 (3) 


f^l f^Q UO A 

C / — Co — HoA 


1 An £ 

luy.D 


f^n r^Q hod 
C / — Co — HoB 


1 An £ 

luy.D 


TTO A /~*0 TTOT} 

HoA — Co — HoB 


109.5 


C7 — C8 — H8C 


109.5 


H8A— C8— H8C 


109.5 


H8B— C8— H8C 


109.5 


C7— C9— CIO 


117.2 (3) 


C7— C9— C13 


109.9 (3) 



/^1*7 ( ' \ ^ III/' 


1U4.3 


pi f III/' 


1U4.3 


pi/; ill/' 

Cz J — C 1 0 — hi 1 0 


1U4.3 


pio pn /-~- 1 r 


nil /i\ 
1 14. Z (Z) 


piO pn TT 1TA 

C 1 o — C 1 / — hi 1 / A 


1 no *7 
lUo. / 


z' • 1 /C pn TJ1"7A 

Clo — CI / — rll / A 


1 AO *7 

lUo. / 


pi o p i -7 i i 1 7T3 

Clo — CI / — rll id 


1 HQ ~l 

lUo. / 


Z" 1 1 & PH I I 1 "7 ID 


1 no *7 
lUo. / 


un a pn 1 1 1 an 
HI /A — CI / — HI id 


1U 1.0 


pio p 1 pi 

U3 — C 1 o — C 1 U 


m o /i\ 
113.0 (Z) 


r\i pio pn 
(J J — Clo — CI / 


lUo.U (Z) 


pip, Pio P1*7 

C1U — Clo — CI / 


11U.3 {I) 


PIO lilt) 

Do — Clo — Hlo 


1 no n 

lUo.y 


pip, pio ii 1 O 

C 1 U — C 1 o — H 1 o 


1 no n 

lUo.y 


pn pio mo 
C 1 / — C 1 o — H 1 o 


1 no n 

lUo.y 


PI f pm TTIOA 

CI J — CIV — H1VA 


1 nn c 

luy.D 


pi r pm 1 1 1 (U) 

Cl j — Cly — HlyB 


1 nn c 

iuy.!> 


mriA pm 1 1 1 no 

h i yA — c i y — h i yt> 


1 nn c 

luy.D 


pk pm 1 1 1 ( \ p 

ci-> — ciy — niyc 


1 nn c 

luy.D 


moA pm t_ti np 

h i yA — c i y — h i yc 


1 nn c 

iuy.3 


Tji od pm ii i ■ 

h i yh> — c i y — h i yc 


1 nn c 

luy.D 


po 1 p^n pk 
Cz 1 — CzU — C 1 j 


11/11 

114.1 (Z) 


P0 1 pop, uin a 
Cz 1 — CzU — HZU A 


1 nc ~i 
lUo. / 


pi r p^n i nn a 
C 1 j — CzU — HzUA 


1 no *7 
lUo. / 


PH pop, TTmTJ 

Cz 1 — CzU — HzUB 


1 no *7 
lUo. / 


pk pm TjinD 
C 1 j — CzU — HzUB 


1 no *7 
lUo. / 


i nn * pm mnD 
HzUA — CzU — HZUB 


1 n*7 & 
lU/.O 


Pin pii pii 
CzU — Cz 1 — CzZ 


1 1 n o /i\ 

110.8 (z) 


Pin pi i Tjn a 
CzU — Cz 1 — Hz 1 A 


1 nn c 

luy.D 


PH PH I I") 1 A 

CzZ — Cz 1 — Hz 1 A 


1 nn c 

luy.D 


Pin pii Tjii n 
CzU — Cz 1 — Hz 1 r> 


1 nn c 

luy.D 


PH P11 T 11 1 ID 

CzZ — Cz 1 — Hz 1 r> 


1 nn c 

luy.D 


un a pi i ] 1 1 1 n 
Hz 1 A — Cz 1 — Hz IB 


1 no 1 
lUo.l 


pi i pn pn 
Cz 1 — CzZ — Czi 


111 i /i\ 
1 1 l.Z (1) 


P1 1 Pll pio 

Cz 1 — CzZ — Czo 


11/11 /">\ 
114.1 (Z) 


pill pn pio 

Czj — CzZ — Czo 


I | 7 r /1\ 

II / .0 (ZJ 


pi i pn 1 1 1 1 

Cz 1 — CzZ — HZZ 


1 A/1 1 
1U4.1 


pi -j pn 1 1 1 1 

CzJ — CzZ — HZZ 


1 n/i 1 
1U4.1 


PIO Pll 1 111 

Czo — CzZ — HZZ 


1 n/i 1 
1U4.1 


Pic Pll pi /I 

CzD — Czi — Cz4 


1 n*7 o /ia 
lU/.O (Z) 


pic pn pn 
Cz5 — Czi — CzZ 


107.3 (2) 


p i a pn pn 
Cz4 — C23 — CzZ 


1 1 i n /i\ 

113.9 (2) 


Pic Pll p i /: 

Cz j — Czi — C 1 o 


1 An 1 
lOy.l (2) 


C24— C23— C16 


112.5 (2) 


C22— C23— C16 


106.0 (2) 


C23— C24— H24A 


109.5 


C23— C24— H24B 


109.5 


H24A— C24— H24B 


109.5 


C23— C24— H24C 


109.5 
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Pin pn n i 
C 1 U — CV — C 1 3 


1U4.U (Z) 


/^*7 rn xin 
C / — cy — hly 


lUo.4 


ni a pn i m 
C 1 U — CV — hlV 


mo a 
lUo.4 


p 1 Q pn I I(\ 

C13 — cy — hiy 


1 AO A 

lUo.4 


no nn pi i 
Clo — CIU — CI 1 


1 aa o n\ 

iuy.o (Z) 


P| Q p 1 p| PQ 

cio — ciu — cy 


1TA A {^\ 

1ZU.U (Z J 


pi I p 1 p. pq 

ci i — ciu — cy 


IUj.1 (ZJ 


pi o p i p. ii in 

C 1 0 — C 1 U — rl 1 U 


1 AT 1 
1U /.I 


pi 1 pip, tii n 

CI 1 — CIU — hllU 


1 AT 1 
1U /.I 


ppi pip, 1 1 1 pt 

cy — c i u — hi i u 


1 A*7 1 
1U/.1 


pn pii pin 
C1Z — CI 1 — CIU 


1 AA C /T\ 
1UU.J (Z) 


PI o P11 PI /I 

Clz — CI 1 — C14 


1 AC 1 /T\ 

1Uj.3 yl) 


Pin pi 1 pi /i 
CIU — CI 1 — C14 


111 A /T\ 
lll.U (Z) 


pi O P11 P| C 

Clz — CI 1 — CI j 


inn /t\ 
11 /.U (Z) 


Pin pii pk 
CIU — CI 1 — CI J 


1 AA *7 /T\ 

iuy. / (zj 


p| /| P11 pi c 

C14 — CI 1 — CI J 


in/; /T\ 

1 1Z.0 (Z) 


P11 nn pn 

CI 1 — Clz — C13 


1 A /I 1 /T~\ 

104.1 (2) 


pi i pn un a 
CI 1 — C1Z — hllZA 


no.y 


PI 1 pn UHA 

CI 3 — C1Z — HIZA 


1 1 a a 
11U.V 


pii pn ill ~> d 
CI 1 — C1Z — hHZB 


i lo.y 


pi i pn ii i t d 
CI 3 — C1Z — HIZB 


110. y 


un a pn unn 
hllZA — C1Z — hHZB 


1 no n 
lOa.y 


pn pi i pn 

ciz — ci3 — cy 


1 AC ^7 /"^\ 

105. / (2) 


pn pi i un a 
CIZ — CI 3 — H13A 


i in a 
1 10.6 


pn p 1 1 un a 
Cy — C 1 3 — hi 1 3A 


i in a 
110.6 


pn pn iinn 

Clz — C13 — H13B 


1 1 A C 

110.6 


ppi pn 1 1 1 to 
Cy — C 1 3 — hi 1 3r> 


i in a 
1 10.0 


Tin A p|1 HI ID 

hi 1 3 A — C 1 3 — hi 1 3r> 


1 AO "7 
105. / 


pii pi /| HI /I A 

CI 1 — C14 — H14A 


1 AA £ 


PI | pi /| I I l | D 

CI 1 — C14 — hll4r> 


1 AA C 

ioy.5 


Tin A p 1 /| HI /ID 

hi 1 4 A — C 1 4 — hi 1 4 r> 


1 AA £ 

ioy.5 


pi i pi /i un/" 1 
CI 1 — C14 — H14C 


1 AA £ 

ioy.5 


I1 1/1 A PI /I ijnp 

hi 1 4 A — C 1 4 — hi 1 4C 


1 AA C 

ioy.5 


ui /Id pn 1 1 1 i ( • 
hi 1 4r> — C 1 4 — hi 1 4C 


1 AA C 

ioy.5 


poh pk p 1 n 

czu — c i j — c i y 


1 A"7 1 i"t\ 

10 1 .i (I) 


P^n pk pi/; 

CZU — C 1 J — C 1 o 


1 AA C 
lOy.D (2) 


pi q c] S T1 f, 

V 1 7 V 1 J V 1 U 




C20 — CI 5 — CI 1 


110.4 (2) 


C19 — C15 — CI 1 


110.6 (2) 


C16 — C15 — Cll 


106.6 (2) 


C17 — C16 — C15 


110.42 (18) 


C17 — C16 — C23 


115.2 (2) 


0 1 — C5 — C4 — U2 


63.4 (5) 


r^A r\*i 

C 1 — Ci — C4 — 02 


-58.9 (3) 


C2— C3— C4— 02 


178.7 (2) 


Ol— C3— C4— C5 


-53.5 (4) 


CI— C3— C4— C5 


-175.7 (3) 


C2— C3— C4— C5 


61.8(4) 


02— C4— C5— C6 


26.9 (4) 



i n 1 a pT/i i n 1 / ■ 
hlZ 4 A — C Z 4 — hlZ 4C 


1 AA C 

luy.j 


i n,i d pi /i i n 1 / ■ 
hlZ4r> — CZ4 — HZ4C 


1 AA C 

luy.j 


PT/L PTC ni 

CZo — CZj — CZ3 


I 1 T C /T\ 

II 3. J \l) 


p-)/: PTC UTC A 

CZo — CZj — HZjA 


1 AQ Q 

iuo.y 


p -) "J PTC i nc * 

CZ3 — CZj — HZ J A 


1 AO A 

iuo.y 


p ~) /C PTC TI1CD 

CZo — CZj — HZjB 


1 AO A 

iuo.y 


PT] PTC I I1CD 

CZ3 — CZj — HZjB 


1 AO A 

iuo.y 


UTCA PTC TTTCT") 

HZ j A — CZj — HZjB 


1 AT T 

1U/. / 


PTT PT£ PTC 

CZ / — CZo — CZj 


111.5 (3) 


PTT p T ^ in/; a 

CZ / — CZo — HZoA 


1 AA T 

iuy.3 


PTC pi/- I IT/. A 

CZj — CZo — HZoA 


1 AA T 

iuy.3 


PTT p T /» I I T /. D 

CZ / — CZo — HZoB 


1 AA T 

iuy.3 


PIC p T ^ I I ") /, n 

CZj — CZo — HZoB 


1 AA T 

iuy.3 


in/ * ptz: i n /: d 
HZ 0 A — CZ o — hlZ or> 


1 AO A 

lUo.U 


r\A PTT n/ 
U4 — CZ / — CZo 


111 C (1\ 

11 1.3 (3) 


p. /] PTT PTO 

U4 — CZ / — CZo 


1 1 t t n\ 
113.3 (3) 


Pl/r PTT PTO 

CZo — CZ / — CZo 


1 1 T T /T\ 

113./ (Z) 


P/| PTT TITT 

<J4 — CZ / — hlZ / 


1 AC A 

lUj.y 


PTiC PTT TITT 

CZo — CZ / — HZ / 


1 AC A 

lUj.y 


plO PTT UTT 

CZo — CZ / — hlZ / 


1 AC A 

lUj.y 


PTT PTO PTO 

cz / — czo — czy 


111 fi* (1\ 
111.0 (3J 


PTT PTO POA 

CZ / — CZo — C3U 


1 AT C /T\ 

1U/.J (Z) 


PTA PTO pin 

CZy — CZo — C3U 


1 AT T /T \ 

1U/.Z (3) 


PTT PTO PTT 

CZ / — CZo — czz 


1 AO T /T\ 

lUo.3 \l) 


Pin poo p T T 

czy — czo — czz 


1 1 T C /T\ 
113. J (Z) 


Pin PTO PTT 

C3U — CZo — CZZ 


1 AO £ /T\ 

lUo.o (Z) 


pto pin inn a 

czo — czy — hizyA 


1 AA C 

luy.j 


pto pta i nno 

czo — czy — Hzyu 


1 AA C 

luy.j 


inn a pTn titad 
hlZ y A — c z y — HZ y r> 


1 AA C 

luy.j 


pto pta i n n p 

czo — czy — hizyc 


1 AA C 

luy.j 


inn a pin x niv 

hiz y a — c z y — hiz y c 


1 AA C 

luy.j 


i nno pta i n op 

Hzyu — czy — hizyc 


1 AA C 

luy.j 


POO PTA Til A A 

CZo — C3U — H3UA 


1 AA C 

luy.j 


PTO PQ A I I "3 pi D 

CZo — C3U — ii3UB 


1 AA C 

luy.j 


U1AA pin U1AT3 

H3UA — C3U — hl3Ur> 


1 AA C 

luy.j 


pto pta nmr 
CZo — C3U — H3UC 


1 AA C 

luy.j 


njUn — V- J u — 1 1 Jvv 


1 U7.J 


H30B — C30 — H30C 


109.5 


C3 — Ol — HI 


109.5 


C4 — 02 — C7 


109.0 (2) 


C18 — 03 — H3 


109.5 


C27 — 04 — H4A 


109.5 


PK pi/: PIT PIO 

C1j — Clo — CI / — Clo 


ZA 1 (1\ 

j4.3 {j) 


PTT p i r P1T PIO 

C23 — C 1 6 — C 1 7 — C 1 8 


1 TA A Pl\ 

-170.9 (2) 


Cll— CIO— C18— 03 


175.7 (2) 


C9— CIO— C18— 03 


-62.5 (4) 


Cll— CIO— C18— C17 


56.6 (3) 


C9— CIO— C18— C17 


178.4 (2) 


C16— C17— C18— 03 


-176.7(2) 
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f ' "i p* f ' r p/; 

C3 — C4 — C5 — Co 


A AH O /Q \ 

14/. o (3) 


p^i pc p/; p~7 
C4 — C5 — Co — C / 


a a (a \ 
— y.y (4) 


pc p/: p~7 p.1 
CS — Co — C / — (J2 


-1U.J (3) 


r^c r*t. c^~i r*a 

cs — Co — c / — cy 


— LZy.Z (3 ) 


pc p/: p~7 po 
CD — Co — C / — Co 


1 f\A & (1\ 

1U4.0 (3) 


pi pn 

U2 — c / — cy — C 1 U 


— j3. j (3 J 


Co — c / — cy — C 1 U 


oZ.o (4 ) 


po p~7 pn nn 

cs — c / — cy — C 1 0 


1 *7A C (1 \ 

1 tvj.j (3) 


p.1 p~7 pn P11 

(j i — c / — cy — c 1 5 


-1 /Z.U {2) 


p/; t~*H pn rn 

Co — c / — cy — c 1 3 


—JD.y (3) 


po p~7 pn P11 

Co — c / — cy — C 1 3 


"71 A /Q \ 

71.0(3) 


c / — cy — C 1 0 — C 1 0 


AA 1 (1 \ 

yU.3 (3) 


c 1 3 — cy — c i o — c i o 


— 14o.l (3) 


P"7 rn pin pii 1 

c / — cy — c i u — c 1 1 


— 14j.J (Z) 


pn pn nn r"i i 

c 1 3 — cy — c i u — c 1 1 


-23.9 (3) 


pi n pm pii pn 
Clo — ClU — CI 1 — C12 


1 /Z.J (Z) 


pn pin P11 p 1 1 
cy — ClU — Cll — C12 


42.1 (3) 


pi n pm P11 pi ,1 

Clo — ClU — Cll — C14 


ol.4 (3) 


pn pin P11 pu 
Cy — ClU — Cll — C14 


-06. V (3) 


pi n pm P11 pi c 

Clo — ClU — Cll — CIS 


— o3.o (3) 


pn pin P11 pi c 
Cy — ClU — Cll — CIS 


loo.U (Z) 


pin pii rn pii 
ClU — CI 1 — C12 — C13 


/I /I 1 /1\ 
_ 44. 1 (3) 


pi j pii pn pii 
C14 — Cll — C12 — CI 3 


71.4 (3) 


pi r P11 pn P11 

CI J — Cll — C12 — CI 3 


— loZ. / (Z) 


P11 pn pii pn 

ci i — cii — ci 3 — cy 


OA A (1\ 

zv.y (3) 


p~7 pn p 1 1 phi 

c / — cy — C 1 3 — C 1 2 


1 T) A (1 \ 

\22.y (3) 


pin pn pit pn 

c i u — cy — C 1 3 — C 1 2 


-3.4 (3) 


pn pii pi c pin 
C12 — Cll — CI J — C2U 


— 04. / (3) 


pin pii pi c p^n 
ClU — Cll — CO — C2U 


—1 /o.3 (z) 


pi i pii pi c pin 
C14 — Cll — CI J — C2U 


j /.o (3) 


pn P11 pi c pm 
C12 — Cll — CI J — ciy 


!)4.U (3) 


pin pii pi c pm 

ciu — cii — ci5 — ciy 


— Dy.o (3) 


pi i pii pi c pm 

ci4 — cii — ci5 — ciy 


1 /o.3 (z) 


pn P11 pi c pu 
C12 — Cll — CI J — Clo 


1 /O.J (z) 


pin pii pi c pu 
ClU — Cll — CIS — Clo 


oZ.y (Z) 


pi 1 P11 pi C pu 

C14 — Cll — CIS — Clo 


-61.3 (3) 


pin pic pu p 1 -T 

C20 — C 1 5 — C 1 6 — C 1 7 


-176.6 (2) 


C19— C15— C16— C17 


64.2 (3) 


Cll— C15— C16— C17 


-57.2 (3) 


C20— C15— C16— C23 


49.3 (3) 


C19— C15— C16— C23 


-69.9 (3) 


Cll— C15— C16— C23 


168.8 (2) 



P1/C pn pio pin 
C16 — CI / — Clo — ClU 


— j3.U (3) 


pin pk pin pii 
C 1 y — C 1 S — C2U — C2 1 


HI A (1\ 

I5A (3) 


pu pk pin pn 
C 1 6 — C 1 S — C2U — C2 1 


AQ O S1\ 

— 4o.o (3) 


P11 pi c pin pi 1 
Cll — CIS — C2U — C21 


— LDD.y {2) 


pk pin pii pn 
C 1 S — C2U — C2 1 — C22 


jo. / (3) 


pin pn pn pii 
C2U — C2 1 — C22 — C23 


— Dl.O \ J ) 


pin pn pn pio 
C2U — C2 1 — C22 — C2o 


1 £LH 1 (H\ 

loZ.3 (Z) 


r^ii r^T> r~">i r^i^ 
C2 1 — C22 — C23 — C2S 


1 HA H /")\ 

1 /4. / y2) 


pio pn pn pic 
C2o — C22 — C23 — C2S 


j 1 .2 (3) 


pii pn pn pi/i 
C2 1 — C22 — C23 — C24 


-oo.l (3) 


pio pn pn pii 
C2o — C22 — C23 — C24 


/TO A 

oo. U (3) 


pii pn pn pu 
C2 1 — C22 — C23 — C 1 0 


jq.2 (3) 


pio pn pn pu 
C2o — C22 — C23 — C 1 6 


1 CH H (H\ 

-Lb/. / [2) 


pii pu pn pic 
CI / — C16 — C23 — C2S 


59.1 (3) 


pi r pu pn PIC 
C 1 S — C 1 6 — C23 — C2S 


— loy.u {2 ) 


p 1 "7 pu pn pii 
C 1 / — C 1 6 — C23 — C24 


/^A C S1\ 

— oU.j (3) 


pic pu pn pi/i 
C 1 S — C 1 6 — C23 — C24 


71.4 (3) 


p 1 "7 pu pn pn 
C 1 / — C 1 6 — C23 — C22 


1 HA A 

1 /4.4 [2) 


pic pu pn pn 
C 1 S — C 1 6 — C23 — C22 


-53.7 (3) 


pn pn pic pi/: 
C24 — C23 — C2S — C26 


*7A A f1\ 

-/U.U (3) 


pn pn pic pi/; 
C22 — C23 — C2S — C26 


J3.1 (3) 


pu pn pic Pl/C 
C 1 6 — C23 — C2S — C26 


1 £LH C /1\ 
lO/.J \2) 


pii PIC C^"iC f^^il 

C23 — C2S — C26 — C2 / 


ch O CX\ 


pic pi/: pi"7 p.^1 
C2S — C26 — C2 / — U4 


\H A H 

-[ /4.Z (Z) 


pic pi/; pi"7 pio 
C2S — C26 — C2 / — C2o 


Z/Z 1 ( A\ 

jo. 3 (4) 


p.^1 pi~7 pio pin 
U4 — C2 / — C2o — C2y 


-53.7 (3) 


pi/: pn pio pin 
C26 — C2 / — C2o — C2y 


"7 c n n\ 
/S.U (i) 


p.^1 pn pio pm 
U4 — C2 / — C2o — C3U 


/:i c 
63. S (3) 


pi/: pn pio pm 
C26 — C2 / — C2o — C3U 


i /:i o n\ 
-16/. 0 (i) 


P.^1 Pl"7 PIO Pll 

U4 — C2 / — C2o — C22 


1 m /l /1\ 
—i /y.4 (2) 


pi/: pn pio pn 
C26 — C2 / — C2o — C22 


cn "7 n\ 
-SU. / (3) 


pii pn pio pn 
C2 1 — C22 — C2o — C2 / 


1 "7/: n /i\ 

-i /6.y (2) 


pn pn pio pn 
C23 — C22 — C2o — C2 / 


cn i /i\ 
SU.2 (i) 


pn pn pio pin 
C2 1 — C22 — C2o — C2y 


co /: n\ 
So. 6 (i) 


pn pn pio pin 
C23 — C22 — C2o — C2y 


— /4.3 (i) 


pii pn pio pm 
C2 1 — C22 — C2o — C3U 


/:n c 
— 6U.S (i) 


pn pn pio pin 

C23 — C22 — C28 — C3U 


i /:/: i /1\ 

166.7 (3) 


C3— C4— 02— C7 


-159.0(2) 


C5— C4— 02— C7 


-34.9 (3) 


C6— C7— 02— C4 


28.8 (3) 


C9— C7— 02— C4 


151.3 (2) 


C8— C7— 02— C4 


-89.5 (3) 



Hydrogen-bond geometry (A, °) 

D—H-A 

04— H4A-01' 
03— H3-02 
Ol— Hi- -03 



D — H 

0.82 
0.82 
0.82 



2.09 
1.95 
2.14 



D-A 
2.905 (3) 
2.677 (3) 
2.948 (3) 



D—H-A 
172. 
147. 
170. 
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